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Atrioventricular conduction defects in patients
presenting with syncope and normal PR interval

P. Touboul and M. Ibrahim*

From Hépital Cardio-Vasculaire et Pneumologique, Lyon, France

Ten patients presenting with syncope and a normal PR interval in the standard electrocardiogram
were investigated by bundle of His recordings. There was no previous evidence of impaired AV
conduction in any of these patients. According to their QRS pattern in the 12 lead electrocardio-
gram the patients were found to belong to one of three groups: (1) right bundle-branch block
with left anterior hemiblock, (2) left bundle-branch block, and (3) normal QRS complex. In all
three groups there was prolongation of the HV time indicating a first degree block distal to the
His bundle. A bilateral bundle-branch block or a lesion in the main stem of the His bundle was
suggested as the underlying cause of the clinical and His bundle electrogram findings. Demand
» cardiac pacemakers were implanted in 9 patients. Symptoms of disturbances in consciousness
were abolished after cardiac pacing. The value of His bundle recording in the diagnosis of these

patients was stressed, and the indications of cardiac pacing were discussed.

High grade or complete AV block is a fre-
quent cause of episodic disturbances of
, consciousness in elderly subjects. Heart block
may be transient or permanent. The early
diagnosis of such a condition assumed con-
siderable importance in the last years due to
effective pacemaker therapy. Casual electro-
cardiograms between the syncopal attacks
may give a clue to the diagnosis and disclose
AV conduction disturbances. Occasionally
however the block is intermittent and even
, repeated casual tracings reveal only normal
" conduction. The likelihood that the syncopal
attacks are due to intermittent high grade
AV block is increased in the presence of
QRS contour suggesting a bilateral bundle-
branch block (Mahaim, 1931; Blondeau and
Lenégre, 1964 ; Lenégre, 1964, 1966 ; Langen-
. dorf, Pick, and Surawicz, 1964; Lepeschkin,
' 1964; Lasser, Haft, and Friedberg, 1966;
- Furman et al., 1966). Sometimes even an
exhaustive clinical investigation will fail to
reveal the underlying disturbances and in
such cases one must resort to continuous
monitoring to exclude paroxysmal AV block.
Though often tedious and costly, this pro-
» cedure is worth carrying out because of the
importance of a correct diagnosis. The intro-
" duction of recording of bundle of His electro-
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gram in man (Scherlag et al., 1969; Damato
et al., 1969a) have made possible the precise
localization of block in the specialized con-
ducting tissue (Damato et al., 1969b; Narula
et al., 1970a, 1971; Wit et al., 1970;
Schuilenburg and Durrer, 1970), AV node,
His bundle or bundle-branches. Narula and
his coworkers (1971) have shown that first
degree block in any of these regions may be
present in spite of a normal PR interval.

In the present study 10 patients presenting
with syncope and a normal PR interval in
the standard electrocardiogram were investi-
gated by His bundle recording. Our aim was
to find, through a rapid and easy method,
evidence of impaired AV conduction in these
patients.

Subjects and method

The study was carried out on patients admitted to
the intensive care unit (during the period from
May 1970 till December 1971) because of the
history of one or more attacks of syncope.
Electrocardiograms available before and at the
time of admission were carefully analysed. During
their stay in hospital the patients were con-
tinuously monitored. Those having abnormal
PR prolongation (0-21 sec or more) or evidence
of second or third degree AV block at any time
before the His bundle recording were not in-
cluded in this work. After being discharged
patients were followed up in the pacemaker
clinic. Clinical and electrocardiographic findings
were noted and compared.
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Procedure The recording of electric activity
of bundle of His was made with a 6 French bi-
polar or tripolar electrode catheter. The catheter
was introduced percutaneously by the Seldinger
method into the right femoral vein. The investi-
gation was done in the cardiac laboratory in
patients who were given a pentobarbitone sodium
suppository (120 mg) or an intramuscular injec-
tion of diazepam as premedication. A standard
lead electrocardiogram was monitored on an
oscilloscopic screen. The electrode catheter was
advanced under fluoroscopy into the right ven-
tricle, then it was slowly withdrawn across the tri-
cuspid valve until a bi- or triphasic wave occurred
between the atrial and ventricular deflections.
Intracardiac electrograms were recorded through
a preamplifier. Filter frequencies were set at
40 to 700 Hz. All records were made on a multi-
channel direct recording electrocardiogram by
ink jet. The paper speed was 50 or 100 mm,
sometimes 200 mm a second. Careful attention
was paid to the grounding of all equipment to
avoid the introduction of random currents into
the system.

Definition of terms The RR interval is
the interval between two consecutive QRS
complexes. The PR interval is the interval from
the onset of the P wave to the onset of the
QRS complex. The A and V complexes are,
respectively, the atrial and ventricular electro-

grams recorded from the area of AV junction.
The H wave is the bipolar electrogram from
the bundle of His. PA time was measured from
the onset of P wave recorded on the standard
electrocardiographic lead to the first rapid deflec-
tion of the A wave. The AH time is the interval
from the first rapid deflection of the A wave to
the beginning of the His bundle bipolar electro-
gram. Since the A wave is recorded from the
area adjacent to the AV node, the AH time essen-
tially represents the conduction time through the
AV node (Damato et al., 1969a; Narula et al.,
1971; Rosen, 1971). The His bundle to ventri-
cular activation (HV) time was measured from
the onset of the His bundle deflection to the
earliest ventricular depolarization recorded on
the intracardiac electrogram or standard leads.
It essentially represents the conduction time
through the His bundle-branches (Narula et al.,
1971; Rosen, 1971). The site of block in these
studies has been characterized as occurring proxi-
mal or distal to the site of His bundle deflection
(proximal or distal to His bundle). It is recognized
that block distal or proximal to the site of the
recorded His bundle deflection may still be
localized in the main bundle. On the basis of
previous studies (Damato et al., 1969a; Narula
et al., 1970a, 1971 ; Rosen, 1971) in patients with
normal AV conduction, the range for normal
PA time=25 to 45 msec, AH time=450 to 120
msec, His bundle duration=15 to 20 msec, and
normal HV time =35 to §5 msec.

TABLE I Summary of clinical data and follow-up studies
Case Sex Age Chlinical data Follow-up
No. (yr)
Patients with RBBB and LAH
I M 78 Frequent syncopal attacks not related to effort, first attack Frequent ventricular premature beats (VPBs) necessi-
in 1966 ; mild ejection systolic murmur at LSE; moder- tating antiarrhythmic therapy; cardiac pacing; symp-
ate cardiac enlargement toms subsided
2 M 76 Adams-Stokes attacks for 2 years; respiratory insuffi- Heart failure improved ; sudden death; cardiac pacing
ciency; dyspnoea and cyanosis; myocardial infarction was not performed
in 1958; heart failure necessitating digitalis and diuretics
3 M 72 Single attack of loss of consciousness one day before Cardiac pacing; no further attacks
admission
4 M 77 Syncopal attacks necessitating hospitalization twice in last Cardiac pacing; syncopal attacks did not recur
year; history of coronary heart disease
Patients with LBBB
5 M 68 Repeated syncopal attacks in the last month; angina of Frequent VPBs in spite of antiarthythmic drugs; car-
effort for 1 year; paroxysms of ventricular tachycardia diac pacing; disappearance of syncopal attacks
reverted by electric shock
6 M 56 Frequent Adams-Stokes attacks 6 months before admis- Cardiac pacing; 1st-degree AV block 1 year later; heart
sion failure; fainting attacks did not recur
7 F 67 Repeated attacks of faintness for 2 years; VPBs; noctur-  Attack of syncope; 2nd-degree AV block; cardiac pacing;
nal angina fainting attacks did not recur
8 M 45 Recurrent syncopal attacks for 3 years; ECGs showed Cardiac pacing; syncopal attacks did not recur
LBBB with a normal PR; history of coronary disease;
no improvement with isoprenaline therapy; 4 attacks/
day in last month
Patients with normal QRS
9 F 73 Repeated attacks of loss of consciousness for 2 years; Cardiac pacing; no further attacks

history of paroxysmal tachycardia; VPBs
Two syncopal attacks in last 15 days; exertional dyspnoea AV block 2nd-degree; cardiac pacing; syncopal attacks
and fatigue for 5 months; history of bradycardia subsided

LAH: left anterior hemiblock.

10 M 58

LSE: left sternal edge. VPB: Ventricular premature beat.
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Results

The study included 8 men and 2 women,
ages ranging from 45 to 78 years with an
average age of 67 years. Table 1 shows a
summary of clinical findings and follow-up
studies.

Three patients showed later evidence of
impaired AV conduction. One developed
first degree AV block one year after His
bundle recording (Case 6), the other 2 (Cases
7 and 10) had second degree AV block during
their stay in hospital waiting for pacemaker
implantation. Demand cardiac pacemakers
were implanted in all patients except one
(Case 2) who died suddenly. No syncopal
attacks occurred after cardiac pacing.

Electrocardiographic findings are presented
in Table 2. All patients were in sinus rhythm,
heart rate ranging between 62 and 83 beats a
minute, with a mean of 73. PR interval ranged
between 165 and 205 millisecond (msec),
with a mean of 188 msec.

Patients were classified into three groups
according to the morphology, axis, and dura-
tion of QRS complex in the 12 lead electro-
cardiogram.

Group A: right bundle-branch block with
left anterior hemiblock; 4 patients had this
pattern (Cases I, 2, 3, and 4) with a mean
QRS duration of 146 msec and a mean QRS
axis of —75 degrees.

Group B: complete left bundle-branch
block; 4 patients had this pattern (Cases s,
6, 7, and 8) with a mean QRS duration of
136 msec and a mean QRS axis of —24
degrees.

Group C: normal QRS ; this group included
2 patients (Cases 9 and 10) with a mean QRS
duration of 75 msec and a mean QRS axis
of — 10 degrees.

Bundle of His studies revealed in all cases
an impaired AV conduction. There was an
abnormal lengthening of the HV time indi-
cating a first degree block distal to His
bundle (Fig. 1 to 6).

The HV duration ranged between 60 and
85 msec (mean value 69-5 msec). His bundle
duration was abnormal (25 msec) in a single
patient (Case 10). Other components of the
PR interval, viz. PA and AH had normal
measurements (Table 2).

Discussion

The introduction of the technique of record-
ing of bundle of His electrogram in man by
Scherlag and coworkers in 1969 opened a
new field in the study of AV conduction in
man. Since that time many reports have
been published (Scherlag et al.,, 1969;
Touboul er al., 19713, b, ¢; Rosen et al.,
1971). Many of these new findings had pre-
viously been predicted by physiologists, from
standard electrocardiograms and from cardiac
pathology (Rosen, 1971). His bundle record-
ing has been extremely useful in discovering
the sites of conduction delay in all forms of
heart block (Damato et al., 1969b; Narula
et al., 1970a, b, 1971; Narula and Samet,
1970; Touboul et al., 1971b; Rosen et al.,
1971). It has been shown that any degree
of block may be present in the different
regions of the AV conduction system (Narula
et al., 1971). We have applied this technique
to study a small group of patients presenting
with syncope and no previous evidence of
impaired AV conduction in the standard
electrocardiogram.

Patients were found to belong to one of
three groups: (1) patients who had right

TABLE 2 Electrocardiogram and bundle of His studies

Case RR PR ORS His bundle study
No. (msec)  (msec)
Duration  Shape Axis Site of PA AH HV
(msec) block (msec) (msec) (msec)
(25-45)  (50-120) (35-55)
1 720 170 150 RBBB+LAH -—60 DH 35 65 70
2 960 200 155 RBBB+LAH -8o DH 25 110 65
3 980 205 135 RBBB+LAH -8o DH 30 105 70
4 800 200 145 RBBB+LAH -8o DH 30 105§ 65
s 740 200 140 LBBB —45 DH 30 100 70
6 800 190 145 LBBB —40 DH 20 100 70
7 755 190 120 LBBB —30 DH 25 8o 8s
8 780 195 140 LBBB +20 DH 30 95 70
9 800 165 8o Normal —15 DH 35 70 60
10 880 165 75 Normal -5 DH 20 75 70

RBBB + LAH: right bundle-branch block with left anterior hemiblock; DH: distal to His.

LBBB: complete left bundle-branch block.



1008 Touboul and Ibrahim

bundle-branch block with left anterior hemi-
block, (2) patients with left bundle-branch
block, and (3) patients with a normal QRS
complex. The high incidence of impaired
intraventricular conduction in this study is
in accord with previous observations (Blon-
deau and Lenégre, 1964; Lenégre, 1964,
1966; McNally and Benchimol, 1968; Zoob
and Smith, 1963; Harris et al., 1965; Lev,
1964; Yater, Cornell, and Clayton, 1936;
Rosenbaum, Elizari, and Lazzari, 1970b;
Rosenbaum ez al., 1970a). It has been shown
that about 9o per cent of cases of chronic
complete heart block are associated with or
related to intraventricular block (Rosenbaum
et al., 1970c).

Four patients presented a QRS pattern
of right bundle-branch block with left anterior
hemiblock. The aetiology, pathology, elec-
trocardiogram, and the significance of such
a condition have been the subject of detailed
discussions by many authors (Lasser et al.,
1966; Rosenbaum et al., 1970b; Watt and
Pruitt, 1969; Rothfeld et al., 1969; Blondeau
and Lenégre, 1970; Kulbertus and Collig-
non, 1969). The association of right bundle-
branch block with left anterior hemiblock is
considered dangerous (Kulbertus and Collig-
non, I1969). Monitoring of patients with
acute septal infarction has revealed that this
combination may be followed by complete
heart block (Godman, Lassers, and Julian,
1969; Stock and Macken, 1968). AV conduc-
tion disturbances were noted in 16-2 per cent
of unselected cases (Rosenbaum ez al., 1970b).
On the other hand chronic complete heart
block is preceded by right bundle-branch
block with left anterior hemiblock in 40 per
cent (Rothfeld et al., 1969) to 59 per cent
(Lasser et al., 1966) of the cases. Since this
combination of defects implies involvement
of two different fascicles of the conduction
system, its close relation to the possible
occurrence of complete heart block is not
unexpected (Rosenbaum et al., 1970b). The
development of impairment of AV conduc-
tion suggests additional involvement of the
posterior division of the left bundle-branch,
i.e. intraventricular trifascicular block.

When right bundle-branch block with left
anterior hemiblock is associated with an AV
delay and a history of fainting spells, com-
plete heart block should be considered im-
minent and cardiac pacing is indicated.

F1G. 3 Case 5. Left bundle-branch block
and a normal PR interval (200 msec). Simul-
taneous recordings of I, III, V1, and HBE
show HV time prolonged to 70 msec.

1 sec

FIG. 1 Case 1: right bundle-branch block
and left anterior hemiblock, with normal PR
interval (170 msec) but a grossly abnormal HV
conduction time (70 msec). Stmultaneous
recordings of I, I11, V1, and HBE.

F1G. 2 Case 7: Left bundle-branch block
and a normal PR interval (190 msec). Simul-
taneous recordings of I, II, 111, and HBE
show a prolonged HV time (85 msec).

. 1 sec ,  AH 80 ms ,
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However, it is difficult to predict the outcome
of patients showing these abnormalities and a
normal AV conduction in the standard electro-
cardiogram. Present knowledge indicates that
about 5 to 10 per cent (Rosenbaum et al.,
1970b, c) of these patients will eventually
develop complete heart block. Therefore
any indiscriminate tendency to pace all
patients is unwarranted. As a guideline
Rosenbaum and coworkers (1970b) thought
that age might help. Patients over the age of
65 or 70 showing right bundle-branch block
with left anterior hemiblock and a normal
PR interval probably have Lev’s disease and
are not expected to develop complete heart
block. Conversely patients between 40 and
60 years of age in whom Lenégre’s disease
is more likely have a greater risk of develop-
ing complete heart block.

A better guideline may be the recording
of electrograms of the AV conducting fibres.
Berkowitz and coworkers (1969), studied
His bundle electrograms in 5 patients with
right bundle-branch block and left axis
deviation and found that HV time averaged
56 msec. In another study on 6 patients with
right bundle-branch block and left anterior
hemiblock without cardiac infarction Narula
and his associates (1969), found that in all
patients HV time was abnormal (65 to 75
msec). However, in these studies no mention
was made of syncope or heart block. In a
recent report on His bundle electrograms in
123 patients Narula and Samet (1971) found
that 72 per cent of 68 patients with right
bundle-branch block and left axis deviation
had an abnormal HV time.! Twelve patients
in this group showed second degree AV block
or complete heart block for short periods.
Of 10 patients followed up, 2 developed
complete heart block distal to the His bundle
deflection. In our study all the patients suf-
fered from attacks of loss of consciousness.
Lengthening of the HV interval provided the
evidence of a block distal to His bundle (Fig.
1). One must assume that this was due to a
complete block in the right bundle-branch and
the anterior division of the left together with a
first degree block in the posterior division.
However, Narula and Samet (1971) stated

1 Normal values for these authors: 35 to 45 msec.

F1G. 6 Case 9. Narrow QRS complex

(80 msec) and a normal PR interval (165
msec). Simultaneous recordings of I, II1, VI,
and HBE shows first-degree block distal to
His bundle as shown by the abnormal HV
time (60 msec).

| sec AH 95 ms

HV 70 ms

FIG. 4 Case 8. Left bundle-branch block
and a normal PR interval (195 msec). HV
conduction time is abnormal (70 msec) as
shown on BHE. Simultaneous recordings of
1, II, 111, and HBE.

FIG. § Case 10. Narrow QRS complex
(75 msec) and a normal PR interval

(165 msec). Simultaneous recordings of I,
II1, VI, and HBE show not only that HV
time is prolonged (70 msec) but His bundle
duration is also abnormal (25 msec). A lesion
of the main stem of His bundle is suggested.
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that the development of heart block did not
necessarily indicate that the final complete
failure of impulse transmission was occurring
in the other remaining bundle-branch, since
such failure might in reality be localized in
the main bundle. His bundle recording may
be a guideline when indication of cardiac
pacing is questionable. A comparative study
and a follow-up of patients who have right
bundle-branch block with left anterior hemi-
block with and without a normal HV conduc-
tion is required.

Recording of His bundle potentials in 4
patients presenting with left bundle-branch
block and syncopal attacks revealed AV block
distal to His bundle recording (Fig. 2, 3,
and 4). Berkowitz and coworkers (1969)
recorded His bundle electrograms in 6
patients with left bundle-branch block and
found that HV time averaged 68 msec. The
authors in this study have not correlated
their findings with the development of
syncopal attacks or heart block. Previous
studies (Rosen et al., 1971; Berkowitz et al.,
1969) on patients with left bundle-branch
block and first degree AV block in the standard
electrocardiogram have shown a significant
HYV prolongation and this was considered as
a sign of bilateral branch disease. However,
the pattern of left bundle-branch block with
a normal PR interval is an uncommon electro-
cardiographic manifestation of bilateral bun-
dle-branch block. The likelihood of this (Mc-
Nally and Benchimol, 1968) is increased if
the QRS duration is more than o-14 sec. It is
difficult to predict in which asymptomatic
patient with left bundle-branch block and a
normal PR interval complete heart block may
develop. The number of these cases may be
insignificant. His bundle recording should
improve our ability to detect them. A com-
bined conduction defect would carry a more
serious prognosis. Of our 4 patients, 2 (Cases
6 and 7) developed electrocardiographic
evidence of impaired AV conduction when
they were followed up.

Two patients in this study had a normal
QRS complex. However, His bundle studies
have shown that there is impairment of HV
conduction in these 2 cases (Fig. 5 and 6).
The development of complete heart block
in the presence of a normal QRS complex
suggests that the block is above the bifurca-
tion of the bundle of His. Prolonged HV time
denotes that there is a disease of the distal
part of the main stem of the bundle of His
below the site of His bundle recording. The
prolonged duration of His bundle wave in
Case 10 (Fig. 5) adds further evidence for a
lesion in the main stem of the His bundle.

A monofascicular AV block has been des-
cribed by Rosenbaum and his coworkers
(1970a) due to involvement of the penetrat-
ing portion of the bundle of His, caused by
calcification of the mitral ring or the central
fibrous body. The idioventricular rhythm
shows a narrow type of QRS complex. The
presence of a normal atrioventricular and
intraventricular conduction on repeated elec-
trocardiographic recordings in a patient with
syncope might suggest a cerebral or other
peripheral cause for the disturbance of con-
sciousness. This diagnostic dilemma may
lead to numerous laboratory or other useless
investigations. His bundle recording is a
simple and rapid method to reveal impaired
AV conduction. One of our two patients
developed second degree AV block when he
was followed up later. Implantation of demand
cardiac pacemakers in these 2 patients
abolished the syncopal attacks.
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